Abstract Changes in river discharge regimes are regarded as the primary drivers of change of many in-stream ecological processes. While a lot of assessments addressing the hydrological alteration caused by human activities have been conducted for many river basins worldwide, a comprehensive analysis of hydrological alteration over major river basins worldwide under climate change is still limited to date. This study aims to address multi-dimensional hydrological alterations (alterations of multiple river flow characteristics) under climate change for four major rivers on three continents, by means of a consolidated framework consisting of two hydrological models, bias-corrected scenarios from five general circulation models (GCMs), and three Representative Concentration Pathways (RCPs) scenarios. The multi-dimensional hydrological alterations are quantified via the general Indicators of Hydrological Alteration approach (IHA) and two modified IHA methods based on dimensionality reduction. The reliability and advantages for the modified IHA methods are also analyzed. The results show that: (1) A modified IHA method (BNR-IHA method^) where the selected non-redundant IHA indices are basin specific is a valid alternative to the conventional IHA method for evaluating Climatic Change (2017) flow regime alteration, in consideration that high agreements in the simulated overall flow regimes alteration degree between it and the conventional IHA method are found during historical and future scenario periods, over four basins (the Upper Yellow River, the Lena River, the Tagus River and the Upper Amazon River). (2) Climate change is expected to remarkably alter overall flow regimes in the Tagus River and Upper Yellow River, especially at the end of the 21st century and under high RCP scenarios, whereas the dominant alteration extent tends to be low in the Lena River and Upper Amazon River in the two future periods.
Introduction
River flow is a critical component for the integrity of aquatic freshwater ecosystems that are dependent on natural flow patterns (Poff et al. 1997) . Alterations of river discharge regimes are regarded as the primary drivers of change of many in-stream ecological processes (Poff and Zimmerman 2010) .
Changes in river flow, induced by intensified human activities and climate change, were examined in many basins worldwide over the past five decades (Shi et al. 2011) . Some studies show that alterations of natural flow regime may affect in-stream habitat conditions, with unfavorable influences for native biota (Poff et al. 1997) . Nonetheless, only a small number of rivers are protected by an environmental flow management today (Richter et al. 2012) . Moreover, considering that climate change is perhaps one of the greatest threats to flow regime (Richter 2007; Wang et al. 2012 Wang et al. , 2013 , freshwater ecosystems may become threatened in the future (Vorosmarty et al. 2010) . Therefore, there is an urgent need to understand alteration of river flow regimes in future (Richter 2009; Zang et al. 2012 ) in order to formulate adaptive countermeasures for water resources management and restoration of environmental systems.
Since single hydrological indicator only provides a simplified measure and thus may lack adequate biological relevance, a multivariable approach is commonly taken to quantify the hydrological regime with Bbiological relevance^. To date, a large number of hydrological indices have been reported (e.g., Wood et al. 2000; Yang et al. 2010; Chen et al. 2013) . Richter et al. (1996) proposed the Indicators of Hydrological Alteration (IHA) approach, which defines a suite of representative hydrological indicators to characterize river streamflow conditions. Olden and Poff (2003) compared 171 currently available biologically relevant hydrologic indicators from the previous studies (e.g., Wood et al. 2000) , and found that 32 IHA indicators adequately represent the majority of the variation explained by the entire set of 171 indices. Thus, the IHA method was regarded as a powerful tool, which has been widely used to analyze hydrological alteration in a large number of areas, like the Yellow River in China, the Nakdong River in Korea and rivers in Europe.
For example, hydrological alterations due to dam construction over the middle and lower Yellow River in China were investigated by Yang et al. (2008) , whereas Galat and Lipkin (2000) focused on the hydrological alterations in the Missouri River using the IHA method. The influence of hydrological alteration induced by climate change on the freshwater ecosystem in the Nakdong River has also been investigated by Lee et al. (2014) . In spite of the common usage for the IHA method, the index redundancy exists due to the fact that many of IHA indicators are highly correlated (Olden and Poff (2003) ), indicating that a subset of IHA indicators can explain dominant variation pattern equally well as all IHA indices. To the best of our knowledge, one of main applications of IHA method is to assess alteration of river flow regimes with Bbiological relevance^in future, further supporting adaptive countermeasures for water resource management and restoration of eco-environmental systems under climate change. Commonly, if removing index redundancy is neglected prior to analyses, managers would be confronted with the difficult task of having to formulate adaptive countermeasures based on the full series of IHA indices. Whereas an adaptive countermeasure strategy which takes management of a large number of flow characteristics into account is generally complicated and may be difficult to perform. Therefore, selecting a subset of IHA indicators which can explain dominant variation pattern very similarly as all IHA indices is needed, to make formulation of adaptive countermeasures easier and more manageable.
In addition, removing index redundancy ahead of analyses would be less time-consuming and computationally more efficient, especially in the studies featured by complicated calculation, such as evaluation of hydrological alteration under climate change with the framework consisting of multiple global climate models (GCMs), hydrological models and emission scenarios. However, the choice of non-redundant IHA indices is almost ignored in most previous studies, although Olden and Poff (2003) have provided guidance on selecting the non-redundant indices that represent the major aspects of the flow regime.
Investigations addressing the impact of human activities on the eco-hydrological flow indicators have been conducted for many river basins worldwide. In recent years, publications on the effects of climate change on ecologically-relevant flow regime characteristics at the basin scale have grown fast (e.g., Lee et al. 2014; Gain et al. 2013) , but most studies are not comparable due to differences in the applied climate scenarios and hydrological models. This prevents multi-model intercomparison and limits the knowledge on future eco-hydrological flow indicators alteration over the basins.
Thus, future changes in the ecologically relevant flow indicators in a larger geographical extent (e.g., multiple river basins in different climate zones) should be sufficiently addressed under the context of climate change. Toward this end, this study strives to (1) develop two modified IHA methods based on dimensionality reduction and validate their reliability in evaluating hydrological alteration; (2) assess multi-dimensional hydrological alteration in the context of climate change over four basins with different climatic characteristics; (3) discuss the advantages of the modified IHA methods in the assessment of multi-dimensional hydrological alteration under climate change.
River basins, hydrological and climate data
The river basins this study focuses on are: Lena River, Upper Yellow River, Tagus River, and Upper Amazon River. Their characteristics and a map can be found in the editorial introductory paper of this Special Issue (Krysanova and Hattermann, this SI). The Water and Global Change (WATCH) Forcing Data at a 0.5°grid resolution including daily maximum, mean and minimum air temperature, daily precipitation and daily wind velocity were used as climate input for the calibration and validation of hydrological models. Observed daily streamflow for Tangnaihai station in the Upper Yellow River is provided by the Hydrological Bureau of Yellow River, while observed river flows with the daily time step for Almourol station in the Tagus River, Stolb station in the Lena River and Sao Paulo de Olivenca station in the Upper Amazon River are retrieved from the Global Runoff Data Center (GRDC). The sources and description of the other data, consisting of the digital elevation model, soil parameters and land use maps, are also listed in the editorial introductory paper of Krysanova and Hattermann (this SI) .
Climate scenarios, provided by the Inter-Sectoral Impact Model Intercomparison Project (ISI-MIP, Warszawski et al. 2014) , include outputs of five bias-corrected Earth System Models (ESMs) of the Coupled Model Intercomparison Project Phase 5 (CMIP5) at a grid resolution of 0.5°(HadGEM2-ES, MIROC-ESM-CHEM, NorESM1-M, IPSL-5CM5A-LR and GFDL-ESM2M). Three 'Representative Concentration Pathways' (RCPs) consisting of RCP 2.6, RCP 4.5 and RCP 8.5 are used for scenario analysis.
Methodology
The workflow is diagrammatically outlined in Fig. 1 , showing the conventional IHA method and the approaches to construct and validate the rationality of two modified IHA methods in the assessment of alteration of overall streamflow regime. Also, a method to project overall flow regime alteration under climate change is displayed. In the following, these approaches will be described in detail.
A short description of the applied hydrological models (SWIM and VIC), and projected seasonal average changes in precipitation and temperature over different basins can be found in the editorial introductory article of this Special Issue (Krysanova and Hattermann, this SI), and the calibration and validation results for the hydrological models are addressed by Huang et al. (this SI) . In general, a satisfactory performance is obtained by two hydrological models, in terms of monthly hydrographs, flow extremes, variability and seasonal dynamics.
3.1 Conventional IHA method for the assessment of overall streamflow regime alteration
Indicators of hydrological alteration (IHA)
The Indicators of Hydrological Alteration (IHA) approach, one of the most commonly used methods in management of ecological water resources, is proposed by Richter et al. (1996) . It defines a suite of representative hydrological indicators (shown in Table 1 ), which are classified into five groups including monthly river flow, timing, magnitude, duration and frequency of extremes; and rate of change (the mean rate of positive or negative changes in water conditions (flow) from 1 day to the next): Group 1. Mean flows for each calendar month (12 parameters in total); Group 2. Annual 1-, 3-, 7-, 30-, and 90-day maximum and minimum flows and base-flow index; Group 3. Julian dates for 1-day annual maximum and minimum flows; Group 4. The frequency and duration of the high and low pulses. Periods of consecutive days when the daily streamflow is less than a given threshold value (25th percentile of the daily streamflow records during the baseline period (pre-alteration period)) are termed as a low pulse event. Similarly, the threshold value for the high pulse event is 75 % percentile of the daily streamflow records during the baseline period;
Group 5: three parameters are included. Fall rate: mean of all negative differences between consecutive daily flows within each year. Rise rate: mean of all positive differences between consecutive daily flows within each year. The hydrologic record could be divided into Brisingâ nd Bfalling^periods, the number of times that flow switches from one type of period to another within each year is number of reversals.
Evaluating overall flow regime alteration based on the conventional IHA method
The IHA method is commonly used to evaluate flow regime alteration between two periods (pre-alteration period and post-alteration period). As proposed by Richter et al. (2012) and Laize et al. (2014) , the IHA indices are used in a four-step procedure:
Step 1: daily streamflow series are prepared during two periods (pre-alteration period and post-alteration period).
Step 2: Alterations of different flow characteristics indices are estimated. (1) The IHA indicators are calculated for each year of the two periods. Then the magnitude and variability of each IHA indicator in each of the two periods is evaluated by the median and the interquartile range (IQR, 75th-25th), respectively (Richter et al. 1996) ; (2) The alteration degree of the magnitude and variability of each IHA indicator is determined by the percent-of-flow (POF) approach (Richter et al. 2012) : changes in indicators between post-alteration period and pre-alteration period are calculated and if the percentage change is beyond a given threshold, the flow regime is considered as substantially modified. Considering typical threshold values (i.e., Acreman et al. 2008; Schneider et al. 2013 ), we assume that a given flow characteristic is substantially impacted over the Upper Amazon River and Lena River, when percentage change for the corresponding indicator is outside a range of ±30 %. An exception is for the timing indicators, whose threshold was set to ±30 days. As suggested by Richter et al. (2012) , more conservative standards may be needed to protect rivers with at-risk species. Thus, the thresholds are set to ±20 % and ±20 day for the Upper Yellow and the Tagus River, which have some endangered fish species and a high ecological sensitivity. Step3: Following the simulated change in each indicator provided by step 2, the number of indicators exceeding the thresholds (defined in step 2 above) is determined for each period. Note that 64 is the maximum number of the indicators for this conventional method, because both the magnitude and variability of each IHA indicator are included in the analysis.
Step4: The degrees of the overall flow indicator alterations were identified, according to classes of streamflow alteration based on the number of indicators exceeding the thresholds (defined in step 2 above) as defined by Laize et al. (2014) . In detail, the class of streamflow alteration is assigned to no alteration, low level, median level or high level, when the number of indicators substantially modified is 0,1-20,21-40, or 41-64, respectively.
3.2 The modified IHA methods (two non-redundant IHA methods) for the assessment of overall streamflow regime alteration
The construction of modified IHA methods concerns the following two aspects: (1) the selection of non-redundant IHA indices and (2) the criterion for level of the overall flow regime alteration. The latter was made more specific: level of alteration is at no risk, low risk, medium risk or high risk when the number of substantially modified indicators is 0, 1-8, 9-17 or 18-28, respectively. Here 28 is maximum number of indicators corresponding to 14 IHA variables in the modified methods. The method to obtain the specific classes criterion is described in detail in the supplementary material part. The method for identification of nonredundant IHA indices is illustrated below.
Identification of non-redundant (active) IHA indices
Since there is a high degree of correlation between the IHA indices, the CRITIC (CRiteria Importance Through Intercriteria Correlation) method developed by Diakoulaki et al. (1995) is adopted in this study to identify indices explaining dominant variation pattern for all IHA indices. The description of the CRITIC method is detailed in the supplementary material part.
In this work, the CRITIC method is firstly conducted to obtain the weight of each index among 32 indicators, on the basis of daily observed streamflow during historical period (the availability of observed discharge data is shown in Table S1 ) over a specific basin. Thereafter, two strategies are designed to select the active IHA indices, in order to test indices explaining the dominant variation pattern for all IHA indices are basin specific or universal across different basins.
According to two strategies detailed in the supplementary material part, 14 active IHA variables representing 14 groups (Table 1) are separately selected and used to constitute two modified IHA methods. One modified IHA method consisting of NonRedundant IHA indicators selected based on the first strategy is termed BNR-IHA method^, while the other modified IHA method termed BNRU-IHA method^consists of Non-Redundant and Universal IHA indicators (i.e., universal for different basins) selected based on the second strategy.
Validation of reliability of the modified IHA methods for evaluating flow regime alteration
In this work, we assume that the modified IHA method is demonstrated to be rational, if there is a high agreement (>85 %) in the simulated overall flow regime alteration level between this method and the conventional IHA method during historical period and future scenarios periods.
The steps to validate reliability of two modified IHA methods during historical period include: (1) two sets of active IHA indices are selected separately based on observed streamflow, following the method described in Section 3.2; (2) changes in selected active IHA indices between post-alteration and pre-alteration periods (defined in Table S1 ) are calculated; (3) reliability of the both NR-IHA and NRU-IHA methods in evaluating flow regime alteration is respectively explored, through comparing simulated flow regime alteration degrees by each modified IHA method with the conventional IHA method.
Similarly, the rationality of the both NR-IHA and NRU-IHA methods was further tested during future scenario periods, through comparing projected overall flow regimes alteration levels between the conventional and each modified IHA method. The approach to project the overall flow regimes alteration level is detailed in Section 3.4.
Projection of multi-dimensional hydrological alterations under climate change
To analyze the hydrological regime under climate change, the following data were prepared firstly: daily streamflow is simulated over four basins for the period 1981-2099, by means of a framework consisting of two hydrological models, five bias-corrected climate scenarios from general circulation models (GCMs) under three major Representative Concentration Pathways (RCPs). So, ten sets of 119-year daily simulations are obtained for each RCP scenario over a given basin. Here the period 1981-2010 is chosen as the baseline period, whereas the periods 2036-2065 and 2070-2099 are the two future periods (hereafter referred to as 2050s and 2080s, respectively).
Following the criterion described in step 2 of Section 3.1, the magnitude and variability of each IHA indicator were estimated in each of the three periods. After that, the degrees of the overall flow indicator alterations were identified under different model experiments over four basins in the 2050s and 2080s, according to step3 and step 4 described in Section 3.1.
Owing to 10 model experiments (2 hydrological models, 5 GCMs) found under a specific RCP scenario over a given basin in the 2050s (or in the 2080s), a probabilistic estimate is carried out to identify the most likely overall flow regime alterations degree: The sum of weight for all 32 indices equals to one for each basin
The indices, whose weights are in bold, are selected non-redundant IHA indices based on the first strategy defined in Section 3.2
The occurrence probability for each alteration category is calculated according to the following equation:
P i represents the occurrence probability of the ith alteration category (P 1 : no alteration, P 2 : Low level alteration, P 3 : Median level alteration, P 4 : High level alteration). Here n i defines the number of samples in the ith alteration category, m is the total number of samples, which is here m = 10. The alteration category(ies) with the largest P i is (are) regarded as the most likely occurring one(s).
Results and discussion
4.1 Construction and validation of two modified IHA methods Table 2 shows the weights assigned to each of 32 IHA indicators by the CRITIC method for four basins. Here the sum of weights for all 32 indices equals to one for each basin. Following the first selection criterion described in the supplementary material part, a subset of 14 indices is selected, which constitutes non-redundant IHA indices (indices whose weights are set in bold in Table 2 ). Some similarities in the selected 14 IHA indicators across different basins can be found. For example, Julian data of annual 1-day minimum/maximum flow, low pulse count/ duration, high pulse count/duration and number of reversals appear consistently across all basins. Whereas in other seven flow regime groups (i.e., from 1st to 6th and 13th), the selected indices differ between basins. In general, half of the selected indices is unequal among the four basins if the first selection criterion is followed, indicating a low transferability of the 14 chosen eco-hydrological indices among basins in different climate zones. This is in accordance with the result that indices explaining the dominant pattern of variation are stream-type specific Table 3 The numbers of substantially modified indicators and the corresponding overall flow alterations degree by the conventional method and two modified IHA methods (the NR-IHA method and the NRU-IHA method) over four basins, based on observed streamflow during historical period
Selection of non-redundant IHA indices

Method
Lena River Upper Yellow River Upper Amazon River Tagus River
Number Alteration degree
Number Alteration degree
L, M and H represent low level, medium level and high level respectively
Number represents the number of substantially modified indicators
The conventional method is called Conv for short from Olden and Poff (2003) , who show how to reduce 171 hydrologic indicators to a subset of indices that explain main patterns of hydrologic variances with an analogous selection criterion. According to the second selection criterion detailed in the supplementary material part, there are eleven groups where the number of indices is one (in the first 4 groups 3-month mean flow is calculated for the NRU-IHA method). Thus, selecting one out of multiple indices is only needed in the rest three groups: the 5th, 6th and 13th group. The Bannual 1-day minimum flow^, the Bannual 90-day maximum flow^and the Bfall rate^are selected to represent the fifth, sixth and thirteenth groups, respectively, because they exhibit the higher weighting across most basins.
Assessment of rationality of two modified IHA methods during historical period
To investigate the reliability of two modified IHA methods in the assessment of overall flow regime alteration, estimations of the overall flow regime alteration degrees by two modified IHA methods and the conventional IHA method were conducted and compared over four basins (shown in Table 3 ). In Table 3 the numbers of substantially modified indicators simulated by the conventional IHA and NR-IHA method are 19 and 8 in the Lena river, respectively, suggesting low level alteration estimated by two methods. Similarity, consistent 2050s 2080s
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Amazon-R4. low level alteration in the Upper Amazon and consistent medium level alterations in the Upper Yellow and the Tagus River were found by two methods. When comparing the outcomes by the conventional IHA method and the NRU-IHA method, the alterations levels are also identical in each of four basins. According to criterion for evaluating rationality of the modified IHA method in Section 3.3, the both NR-IHA and NRU-IHA methods are applicable for evaluating flow regime alteration across different basins during historical period.
Assessment of the overall flow regime alterations under climate change
It is important to consider the degree of overall flow regime alteration as it determines the classes of in-stream ecological risk in the future. In this section, projections of the overall flow regime alteration estimated by the conventional IHA method and two modified IHA methods over four basins are conducted and compared. Moreover, the main features of the modified IHA method are discussed.
Projection of the overall flow regime alteration
Prior to a probabilistic estimate, the assessment of the overall flow regime alteration depending on the number of significantly modified indicators is conducted for different model experiments. Table S2 in the supplementary material part shows the numbers of substantially modified indicators and the corresponding overall flow indicator alteration degrees for various model experiments under RCP8.5 in the 2050s and the 2080s across all basins by the NR-IHA method. Large spread is found in the number of substantially modified indicators between different model combinations. For instance, the number of substantially modified indicators ranges from 5 to 16 in Upper Yellow River in the 2080s. In addition, there are considerable differences in the number of substantially modified indicators between simulations driven by different GCMs (ranging from 3 in the 1st experiment to 17 in the 4th experiment for the Lena River) and between hydrological models (ranging from 6 in the 9th experiment to 17 in the 4th experiment for the Lena River). Similar results are obtained under the other RCP scenarios over all basins (shown in Tables S3-S4 in the supplementary material part). Figure 2a -b shows the probabilistic projections of overall flow regime alteration degree using the NR-IHA method for the two future periods. Here the occurrence probability for each alteration category is represented by the proportion of the corresponding model experiments. The alteration category with the largest occurrence probability is regarded as the dominant one.
In the 2050s, consistently low alterations are shown under the three scenarios over the Lena River and Upper Amazon River, with a probability of the low change class above 80 %. In the other two basins, flow regime alteration degree increases with RCP scenario. For instance, Upper Yellow River would face low level alteration under RCP 2.6 (90 % probability) and medium level alteration under RCP 8.5 (70 % probability).
Similarly, flow regime alteration degree is sensitive to RCP scenario in all basins in the 2080s, where low and medium level impacts dominate under RCP 2.6 and 8.5, respectively. However, high impacts are likely to occur in the Tagus River under RCP 8.5, with 60 % probability.
In total, the results demonstrate that low level alterations dominate in the Lena and Upper Amazon basins under most scenarios in both future periods, while in the Tagus and Upper Yellow basins, the alterations tend to be medium (or high) in the case of higher RCP scenarios (RCP 4.5 or RCP 8.5) or by the end of the 21st century.
Comparisons of projected outcomes between the conventional method and each modified IHA method can be done comparing graphs in Fig. 2 and Figure S1 (supplementary material) . Generally, the agreement in projected most likely flow regime modification levels based on the conventional IHA and the NR-IHA method reaches 96 %; while the agreement in the outcomes for the conventional and the NRU-IHA method is only 75 %. According to criterion for evaluating rationality of the modified IHA method, we have shown here that the NR-IHA method but not the NRU-IHA method can be a valid alternative to the conventional IHA method for evaluating flow regime alteration under climate change.
Advantages of the NR-IHA method when applied to evaluate the flow regime alteration
Despite the fact that index redundancy exists among the IHA indices, only a few studies focused on the choice of non-redundant IHA indices and their evaluation. The study by Schneider et al. (2013) is the only one known to us employing a subset of IHA indices to evaluate future overall hydrological alteration degrees in Europe; however, the selected IHA indices are subjectively chosen, and the evaluation of rationality for the modified IHA method is absent.
In our work, two modified IHA methods based on dimensionality reduction are developed and validated, where active IHA indices are selected by the CRITIC method in conjunction with ecological knowledge. High agreement in the simulated overall flow regimes alteration degrees between the conventional IHA method and the NR-IHA method is found for all four river basins during historical period and future scenario periods, indicating that the NR-IHA method featured by ease of use and reliable estimation accuracy is promising for assessment of complex flow regime changes.
The important features of the NR-IHA method are: (1) Identifying the indices explaining the dominant variation pattern for general 32 IHA indices and preventing double-counting of some aspects of the flow regime when assessing overall flow regime alteration; (2) An affiliated benefit is reduction of the computation time (see detailed estimation of computation time in the supplementary material part). In brief, the time it takes to project the overall flow regime alteration by the NR-IHA method decreases by 65 % compared with the conventional IHA method. In term of computation time, the NR-IHA method is particularly promising in those studies where spatial pattern in alteration of projected streamflow regime is important. (3) Reducing 32 IHA indices to a subset would make formulation of adaptive countermeasures easier and river basins more manageable.
Conclusions
The study aimed to assess alterations of overall flow characteristics under climate change over four major river basins (Lena River, Upper Yellow River, Tagus River and Upper Amazon River) in the middle and end of the 21st century. It also explored the reliability and advantages of two modified IHA methods for evaluating overall flow regime alteration. Daily streamflow is projected by two hydrological models driven by the bias-corrected outputs of five GCMs under three RCP scenarios (2.6, 4.5 and 8.5). Subsequently, the conventional IHA method and two modified IHA methods were applied to evaluate the multi-dimensional hydrological alterations, and compared. The major findings can be summarized as follows:
(1) By comparing simulated flow regime alteration levels based on the conventional IHA method and the NR-IHA method over four basins during historical period and future scenario periods, it was found that the agreement is larger than 85 %, suggesting that the NR-IHA method is applicable to flow regime alteration evaluation over these basins. In contrast, the NRU-IHA method is less rational owing to the lower agreement between it and the conventional IHA method in future periods.
To some degree, this also proves that the indices explaining the dominant variation pattern for general IHA indices are basin specific but not universal across different basins. (2) Low level alterations of the overall flow regime are projected for the Lena River and Upper Amazon River under most scenarios in two future periods. In the other two basins, the Tagus and Upper Yellow River, the alterations tend to be medium or high level in the case of high RCP scenarios or at the end of this century. (3) The NR-IHA method utilized a subset of IHA indices when assessing alterations of the overall flow regime, which brought an affiliated benefit: 65 % reduction of the computation time. In addition, reducing a set of general IHA indices to a subset could make formulation of adaptive countermeasures for water resource management and restoration of eco-environmental systems easier. Generally, the NR-IHA method is an important step for flow regime alteration assessments.
Although some preliminary results on the reliability and advantages of the modified IHA method for evaluating overall flow regime alteration are obtained in the present work, further research is needed in the future for a more profound understanding of the modified IHA method based on dimensionality reduction. Particularly, exploring universality of the NR-IHA method through expanding its applications to more basins with different hydroclimatic characteristics would be beneficial.
